format) but mean number of authors and references by article increased by a factor of 1.87 and 2.20, respectively. JCB content is predominated numerically by taxonomy and systematics (36% of all articles), but other research areas (anatomy, physiology, development, growth-reproduction, life history, behavior, ecology, conservation) were also represented from the outset. JCB's 2-year impact factor increased significantly from 1991 to 2009. Longer-term impact of JCB is evident in the fact that almost half of all JCB articles were cited in 2009 and that the mean age of those cited articles was only slightly less than the mean age of all JCB articles (12.6 vs 13.3 years). However, citations to JCB differ widely across research areas, with articles in taxonomy cited on average at less than half the rate of articles in the areas of ecology or conservation. The most cited JCB articles by combination of research area and decade of publication deal primarily with higher crustaceans (malacostracans) and are reviews or original research articles with cross-disciplinary appeal.
INTRODUCTION
The year 2011 marks the 30th anniversary of the first issue of the Journal of Crustacean Biology (JCB), which appeared in February 1981. The BioOne site (http:// bioone.org) hosts the electronic version of JCB and describes it as ''a peer-reviewed, quarterly, serial scientific publication that contains papers of broad interest dealing with any aspect of crustacean biology, biographies of notable carcinologists, notices of business transacted at meetings of The Crustacean Society, book reviews of works on Crustacea, and pertinent announcements.' ' The birth of JCB is intimately linked to the history of The Crustacean Society (TCS) (Manning, 1990; F. R. Schram, personal communication) . The tax-sheltered advantages of a society allowed a non-profit journal to be set up, something many crustacean researchers felt was much needed. Indeed, in the 1970s, the only specialized publication for crustacean research, Crustaceana, was expensive and the delay from manuscript acceptance to publication could reach up to two years. Founding members of TCS felt they could provide a cheaper and faster outlet for crustacean research. Although most TCS charter members were taxonomists and it was envisaged that JCB might be heavily weighted at least initially to taxonomy and systematics, from the beginning the journal embraced contributions in other research areas (see below). JCB has had only three general editors -Arthur G. Humes (1981 -1999 ), David Camp (1999 -2005 and Frederick R. Schram (2005-) -and this has resulted in considerable continuity of editorial policy. A complete set of guidelines for publication in JCB is provided by Schram et al. (2008) .
The purpose of this review is to highlight some of JCB's characteristics and impact in the scientific community through its first 30 years of existence. To do this, I rely on descriptive statistics and citation-based measures of impact. There are problems associated with assessing quality and performance of individual researchers and journals from citation-derived measures of impact (Kokko and Sutherland, 1999; Symonds et al., 2006; Archambault and Larivière, 2009 ; and many others). Nonetheless, citations remain an easy and useful yardstick for measuring some aspects of performance. The profiling of well-cited JCB articles in this review does not intend to diminish other less cited JCB contributions. There are multiple, complementary explanations for why some articles within a given journal may be highly cited and others not, that have nothing to do with intrinsic quality, and each research area has its ''hidden gems'' (Schram, 2010) which for some reason fail to attract citations or begin to be cited only several years after they were published.
MATERIAL AND METHODS
This review covers the period from 1 January 1981 to 31 December 2009. Citations to JCB were compiled from the Science Citation Index Expanded in Thompson-Reuters' ISI Web of ScienceE (WOS; http://isiknowledge. com) or from Elsevier's ScopusH database (http://scopus.com). The two databases differ in the number of journals they survey (WOS , Scopus) and in the way they report citations (calendar year of citation for WOS and publication year of citation for Scopus). The archive of electronic document records and citations of WOS extends back to 1989 and that of Scopus only to 1996. However, incomplete citation information on publications issued prior to these years can be extracted from both databases. Each JCB document of the type research note or short communication, research article and review (hereafter, collectively called ''articles'') was categorized into one research area (Table 1) based on a value judgment resting on the title and in some cases an oblique reading of the abstract. My classification of research areas differs from that of Schram et al. (2008) in that I have elevated ''life history'' and ''growthreproduction'' to the status of individual areas, and I have relegated JOURNAL OF CRUSTACEAN BIOLOGY, 30(4): 541-549, 2010 ''paleobiology'' to a subarea of ''systematics.'' In retrospect, a few articles would probably have been better classified in different categories than the ones in which they are presently entrapped. Other documents published in JCB and some times archived within WOS and Scopus databases, but which I did not include in my analyses, consist mainly of notices of business transacted at Crustacean Society meetings, obituaries and biographies, and editorial notes.
The number of articles by volume (or publication year) and the number of pages per article were tabulated for all JCB issues. Additionally, for all uneven volume numbers (5 uneven publication years), the number of authors, the country of the first author's institutional affiliation, and the number of cited references were recorded. Subsequently, for the purpose of analysis, countries were grouped into larger ''continental'' assemblages: Asia; Central America; Europe including United Kingdom, Scandinavia, and North Atlantic Islands; Middle-East and Africa; North America; Oceania including Australia, New Zealand, and other South Pacific Islands; and South America.
The total number of citations to individual JCB documents was derived from a ''Cited Reference Search'' in WOS using ''J* Crust* Biol*'' as input to the ''Cited Work'' field, where the asterisks in the input represent wildcards. The output from this query consisted of a list of items representing putative JCB documents that had been cited at least once. Each item typically provided the document's: first author surname and initials, journal name (5 cited work), year of publication, journal volume number, first page number, number of citations since 1989 inclusively, and for post-1988 documents an electronic link to the document record. However, the output had . 18% more items than the actual number of published JCB articles. A crosscheck of the output list against the table of contents of JCB issues revealed that the extra items were the result of errors in citing or recording that arose primarily from incomplete or misspelled author surname, and/or wrong publication year, volume number and/or page number. Compound (or hyphenated) surnames were most likely to be improperly cited or recorded. I re-attributed citations for erroneous items to an actual author/article when I was at least reasonably certain about their identity, and in some cases this led to non-trivial increases in the number of citations for a given article. For instance, electronic links in WOS to articles by O. Odinetz Collart are all itemized under O. O. Collart and the electronic record of her JCB article (Odinetz Collart and Rabelo, 1996) is credited with only 10 citations. However, this number increases to 25 citations when WOS orphan items, i.e., no electronic link, in the name of O. Odinetzcollart, or variants thereof, are taken into account. The resulting chief database for this review is available online (see DOI: 10.1651/10-3363.1).
The two following measures of impact were calculated from the corrected citation database. First, Hirsch's (2005) h index was calculated for JCB overall and for individual research areas. The index is obtained by ranking articles by decreasing number of citations and finding the number where rank and citation numbers coincide. For example, the h index value is 15 when 15 articles have been cited at least 15 times. Second, a citation rate for each article was determined as the total number of citations accumulated as of 31 December 2009 divided by the number of years elapsed since publication (+ 1, to account for the possibility that some articles are cited in their year of publication). This measure of citation rate certainly underestimates the impact of articles published before 1989 relative to articles published in 1989 or after, because it does not take into account the number of citations obtained before 1989.
A two-year impact factor for JCB volumes published in the period 1989-2008 was calculated from data provided by a ''Search'' in WOS using ''Journal of Crustacean Biology'' as input to the ''Publication Name'' field. One search was conducted for each year (y) from 1989 to 2009 (input to the ''Year Published'' field). After selecting ''Create Citation Report'' the output included a table with all existing records for articles published in JCB in the specified year and the number of times per year since publication that JCB volume was cited. From this information, the impact factor (IF) in year y was calculated as:
where V y-2 Cites y and V y-1 Cites y are the number of citations accumulated in year y by JCB volumes (V) published in years y-2 and y-1, respectively, and NAV y-2 and NAV y-1 are the number of articles (not documents) in JCB volumes published in years y-2 and y-1. The IF hence calculated may be higher than the one provided by Thompson-Reuters' ''Journal Citation Reports'' because it does not take into account other documents such as business transactions, obituaries, biographies, and editorial notes that are recorded in WOS. Over the period 1989 to 2009, inclusion of some of these other documents in WOS increased the mean annual number of electronic JCB documents by 4.3, i.e., 5.9%, over the mean annual number of JCB articles. These other documents were essentially never cited, although some may be useful. The change in JCB volume citations over time was explored by examining times series of annual number of citations (from WOS) plotted against the number of years elapsed since volume publication (i). To account for differences among volumes in number of articles and representation of research areas of varying popularity, citation time series (Fig. 2) . Such a trend is common to many scientific journals (Porter and Rafols, 2009 ). For example, the increase in number of authors by article in JCB parallels that reported for Estuaries and Coasts over the period 1981-2007 (see Fig. 2 in Fourqurean et al., 2008) . The positive trend in number of authors might be explained by research becoming increasingly interdisciplinary and by ''cultural'' changes that have favored greater participation of junior researchers in authorship (Fourqurean et al., 2008; Porter and Rafols, 2009 ). Second, there was substantial change in the country of origin of JCB first authors. Over the period 1981-2009, first authorship was dominated by North Americans (45.3%, by far mainly USA), followed by Europeans (19.7%), Asians (14.2%), Oceanians (7.4%), South Americans (7.2%), Central Americans (4.5%), and Middle-Easterners and Africans (1.7%). However, Spearman rank correlation between relative contribution of ''continents'' to first authorship and publication year revealed some significant temporal trends over the period 1981-2009: the trend was negative for North America (P , 0.001), and positive for South America (P , 0.001), Central America (P , 0.001) and Asia (P 5 0.001).
Contributions from other ''continents'' showed no trend over the years (P . 0.20). Relative first author contributions by North Americans slipped from greater than 65% in 1981-1985 to about 35% in 1995 and remained at that level after, this decline being concomitant with increasing proportions of first authors from Asia, and South and Central America (Fig. 3) . This pattern provides evidence that JCB has successfully met the goal of achieving international status as an outlet for crustacean research.
Although JCB article size did not change directionally over the years, there was a clear increase in mean and median number of references cited by article (Fig. 2) . The mean number of cited references by article rose from 21.2 in 1981 to 37.7 in 2005, almost doubling, and then surged to 46.6 in 2009. This pattern of increasing number of references by article is widespread, as Althouse et al. (2009) demonstrated in a census of more than 7500 scientific journals. Hypotheses for explaining this sustained increase include: growing size of research field (more articles, more journals); greater accessibility of articles and references through internet; and growing number of authors by article, with each one showcasing her/his articles (Althouse et al., 2009) .
The relative contribution of research areas to JCB content (Table 1 ) did not change much over time. Taxonomy was the numerically most important area, overall, with 20.5% of the total 2052 contributed articles, followed by systematics (15.5%), ecology (13.5%), anatomy (11.2%), growth-reproduction (10.0%), development (8.2%), physiology (7.4%), behavior (6.1%), life history (5.0%), and conservation (2.6%). The two first JCB volumes contained contributions from all research areas, although taxonomy, systematics, development and anatomy were better represented (together, $ 68% of articles per volume) than in subsequent volumes. Considering the 10 research areas, a significant or near-significant Spearman rank correlation between proportional representation of each area by volume and publication year was observed only for conservation (weakly positive, P 5 0.031), behavior (very weakly positive, P 5 0.052) and anatomy (weakly negative, P 5 0.034) (Fig. 4) . The temporal pattern for anatomy was quite variable and showed a sharp rise from 5-10% in 1981-1984 to almost 23% in 1987-1988, a (Table 1 ). The h index for JCB at the same date was 48 ( Table 1 ), meaning that 48 articles had been cited at least 48 times. The number of citations accumulated by article increased conspicuously with growing age of JCB volume until about 1993, after which the increasing trend slowed and was disrupted by relatively low values for the first two JCB volumes (Fig. 5) . This pattern was visually more apparent in the median than in the mean number of citations (Fig. 5) , although the difference between the two (expressed as a percentage of the mean) did not change with number of years elapsed since publication (excluding the 2009 JCB volume: Spearman rank correlation, P 5 0.345). The leveling off of citations for pre-1993 volumes must be put in context of lack of citation information prior to 1989 -the values illustrated in Fig. 5 for these volumes represent citations accumulated starting in 1989 only. The low citations for the two first JCB volumes can probably be explained in part by their higher shares of articles in taxonomy, development and anatomy (see above), three research areas that are less cited than others (see below and Table 1 ).
The percentage of JCB articles never cited in WOS from 1989 to 2009 showed a steep decline from 80.6% for the 2009 JCB volume to 17.6% for the 2007 JCB volume, followed by a further slow decrease to about 6.2% for the 2004 volume, and a subsequent oscillation between 0 and 6.2% for 1982-2003 volumes (Fig. 5) . The 1981 startup volume has a conspicuously higher proportion of uncited articles (12.0%) than other pre-2003 volumes (Fig. 5) . The research areas of the 55 articles published from 1981 to 2004 that were uncited are taxonomy (47.3%), anatomy (18.2%), systematics (10.9%), development (7.3%), growth-reproduction (7.3%), ecology (5.5%) and physiology (3.5%). Note that articles that are seldom or never cited in WOS may nevertheless be used and be useful, even to mainstream science, e.g., MacRoberts and MacRoberts (2009).
As hinted above, the various research areas represented in JCB attracted different numbers of citations. The median article citation rate was consistently smaller than the mean article citation rate (Table 1) , reflecting the skewed distribution of citation rates as noted for a suite of journals by Calver and Bradley (2009) . The range of citation rates by article varied from a minimum of 0 cites per year for all research areas to a maximum of between 3.4 cites per year for development or behavior and 16.4 cites per year for physiology (Table 1) . The mean and median citation rate by article varied significantly across research areas (Kruskal-Wallis, P , 0.001). With either statistic, articles in taxonomy and conservation consistently emerged as the least and most frequently cited, respectively (Table 1 ). The h index provides a somewhat different perspective on the ranking of research areas, with articles in conservation, taxonomy and development emerging as the least cited and articles in ecology as the most cited (Table 1) . However, the h index generally increases with number and age of articles (Symonds et al., 2006; Olden, 2007) , and the area of conservation is represented by many fewer articles of substantially lesser median age than any other research area featured in JCB (Table 1) .
It is well known that taxonomy attracts fewer citations than other research areas. This feature, in a scientific world obsessed by citation-based indicators of research quality, may deter students from becoming taxonomists and may subsequently stymie career development of those that do. To remediate these problems, Werner (2006) proposed that it be mandatory for journals to request that species authors be listed in the references, and this is a JCB editorial policy since 2007. While this is a controversial proposal even among taxonomists (see Dubois, 2008; Sundberg and Strand, 2009) , there is no doubt that if it was widely implemented some taxonomists would rank among the most cited researchers of the biological sciences.
The two-year impact factor for JCB increased significantly over the period 1991-2009 (Spearman rank correlation, P 5 0.001), reaching values of 0.97-1.12 in [2008] [2009] (Fig. 6 ). The two-year impact factor values for JCB are respectable, given the journal's diversified content including a substantial taxonomic component that is poorly cited. The temporal pattern of increasing journal impact factor is common in the scientific world and it also may be linked to increasing field size (number of articles), number of authors and references by article, and awareness of the importance of impact factors for individual career progression and journal economical viability or profitability (Althouse et al., 2009) . Some observers have even suggested that authors and editors may be manipulating citations to increase personal or journal ''worth'' (see review in Archambault and Larivière, 2009) .
There is evidence of sustained impact of JCB articles in the fact that the annual number of citations to JCB parallels the increasing cumulative number of JCB articles since 1989 (Fig. 6) . Sustained impact is supported by analysis of annual references to JCB (citations or articles citing) indexed to 2009 (Fig. 7) showing a steep increase in citations over the first two years post-publication (the inverse image of uncitedness), with values peaking 4-7 years after publication, then modestly declining until 13-15 years post-publication, and stabilizing or weakly increasing thereafter. The impression of sustained impact is further reinforced by the fact that the mean age of JCB articles cited in 2009 (12.6 years since publication, N 5 1001) is only slightly less, albeit significantly different (Mann-Whitney test, P 5 0.021), than the mean age of all JCB articles published since 1981 (13.3 years, N 5 2052). I suggest that much of the information published in JCB is useful long after publication because it is impervious to changing fashions. For example, life-history and growth- reproduction studies, when well done, may form the essential building blocks for experimental biology, aquaculture, management of natural resources and conservation of biodiversity (see below).
The broad appeal of JCB content is seen in the plethora of scientific journals that cite JCB. Based on Scopus records since 1996, JCB itself accounted for 8.2% of citing articles and the following 10 most citing journals, with 26.7% of total citations to JCB, were Crustaceana (4.0%), Journal of Experimental Marine Biology and Ecology (3.3%), Marine Ecology Progress Series (3.0%), Journal of the Marine Biological Association of the United Kingdom (2.7%), Hydrobiologia (2.6%), Zootaxa (2.5%), Marine Biology (2.5%), Journal of Experimental Biology (2.2%), Journal of Natural History (2.0%), and Aquaculture (1.9%). The many other journals which cited JCB had smaller shares (, 1.6% each) of citing articles.
Most Cited JCB Articles Table 2 lists the most cited JCB articles by combination of research area and decade of publication. All but two of the most cited JCB articles by area were published in [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] , and even within decades the most cited articles tended to be older, consistent with the observation above that JCB articles continue to accumulate citations as they age.
In terms of taxa represented, JCB most-cited articles were heavily slanted toward higher (malacostracan) crustaceans. Excluding three process-oriented or technical review articles (see below : Felgenhauer, 1987; Fingerman, 1987; Pequeux, 1995) , 74.1% of 27 articles were on decapods and 7.4% more were on peracarids, followed by 7.4% on branchiopods, and by 3.7% each on remipedes, cirripedes, and copepods. Brachyurans were the most featured (40%) among the 20 articles on decapods, followed by crayfish (30%), lobsters and caridean shrimp (20% each; note that the sum of percentages exceeds 100 because one article deals with more than one of these taxa). The citation bias towards higher crustacean taxa probably reflects the fact that this group includes many ecologically and commercially important species, such that more researchers are also interested them.
Review articles usually have above-average impact (Ketcham and Crawford, 2007) and this is certainly true in JCB as well. The most cited of all JCB articles, at 246 citations (Table 2) , is a review on osmotic regulation in crustaceans by Pequeux (1995) that continues to attract considerable attention. Only two other JCB articles had exceeded the 100-citation mark as of 31 December 2009 and these are also reviews in the area of physiology. Fingerman (1987) deals with crustacean endocrine mechanisms, whereas Lachaise et al. (1993) -not listed in Table 2 because it is eclipsed in the decade by Pequeux (1995) -addresses localization, activity and function of the crustacean molting gland. These three reviews may have had more impact than other JCB reviews published in their 1980-1989 1990-1999 2000-2009 Calado et al., 2003 R 31 (4.43) respective decades because they are process-oriented rather than taxon-specific, and therefore are of interest to most carcinologists as well as to a much broader readership including for example entomologists. Charmantier et al. (1991) provides an example of a very useful review that is, however, more narrow in dealing only with metamorphosis of Homarus.
Although not indexed as reviews, a few other highly cited JCB contributions do represent syntheses of a sort. Felgenhauer (1987; discussed in Schram, 2010) summarizes methods he found to be successful in preparing crustaceans for scanning electron microscopy. Bauer (2000) overviews what is known of simultaneous hermaphroditism in caridean shrimps in a broad evolutionary context. Larsen (2003) summarizes existing terms and nomenclature for describing tanadaicean appendages and somites, from which an integrated and streamlined terminology is proposed. Finally, Calado et al. (2003) report on the diversity of marine ornamental decapods, their life-history attributes, conservation and ecosystem issues related to their harvest, and challenges for the culture of desirable species. This ''review'' emphasizes the information gaps regarding the basic life-cycle features (including larval development, growth-reproduction, and behavior) and the ecological roles of many ornamental decapod species. This kind of basic information is essential for understanding the population and ecosystem impacts of harvesting and for relieving the pressure on wild stocks through aquaculture, and traditionally has been supplied by JCB.
Several JCB original research articles that emerged as highly cited were integrative (across many research areas), comparative (several taxa), dealt with unusual environments or with species that were especially widespread, and/ or had added value in being of interest in applied areas such as fisheries or aquaculture. Schram (2010) discusses articles in the areas of taxonomy and systematics; I focus hereafter on the remaining research areas. One cluster of influential articles composed of Paul (1984) , Orensanz and Gallucci (1988) , and Koga et al. (1993) provided early ecological and evolutionary insights into some aspects of brachyuran mating systems, contributing importantly to a knowledge base that underlies the management of harvested crab species. Two other articles on brachyurans explored aspects of the biology and environmental adaptation of widespread, habitat-structuring intertidal crabs from South America (Bas and Spivak, 2000; Negreiros-Fransozo et al., 2002) . The article by McConaugha et al. (1983) examined the seasonality of larvae of blue crab (Callinectes sapidus, Rathbun, 1896) off Chesapeake Bay and thus provided basic knowledge of reproductive cycles and recruitment processes for this ecologically and economically important species. Other well cited JCB articles have featured crustacean adaptations to extreme habitats -arid coastal zones or temporary wetlands (Rabalais and Cameron, 1983; Simovich and Hathaway, 1997) . The comparative morphological study by Nishida et al. (1990) of mouthparts and foregut of the early life stages of the rock lobster (Jasus edwardsii, Hutton, 1875) has been taken up in the literature on developmental biology, ecology and aquaculture. Dumbauld et al. (1996) provided information on the life histories of two thalassinidean shrimps which can be important ecological players due to their bioturbating activity, but also a plague in oyster culture. The study by Figueiredo et al. (2001) on digestive enzyme activity of the redclaw crayfish (Cherax quadricarinatus, von Martens, 1868) and by Sung et al. (1996) on microbicidal activity in the tiger shrimp Penaeus monodon (Fabricius, 1798) , two important aquaculture species, have found interested readership in the area of aquaculture as well as in the areas of physiology (bioenergetics) and ecology.
The now trendy topic of invasion biology was served early on in the pages of JCB. Chapman and Carlton (1991;  also see discussion in Schram, 2010) proposed criteria for identifying introduced species. Their article was cited 1-2 times per year until 2000, but subsequently the citation rate increased steadily and between 1 January and 30 June 2010 it was already cited at least 9 times according to WOS. Crayfish have been featured prominently in the exotic species literature and JCB has been a frequent outlet for work on this group. Notably, the role of crayfish aggression in habitat colonization and spatial distribution -an important trait for determining invasion potential -was explored by Capelli and Munjal (1982) who were echoed almost 20 years later, with some discordance, by Tierney et al. (2000) . Two other studies on crayfish, Momot (1984) on factors governing productivity and Cronin et al. (2002) on feeding preferences as they relate to plant structure and chemistry, are well cited in the aquaculture and ecological literature, and recently have been taken up in the biological invasion literature.
There are obviously many other factors beyond subject, scope, popularity and intrinsic quality that may contribute to make some articles more cited than others, even within a given journal. For example, citations in the biological sciences may be influenced by: number of authors; author reputation and/or institutional affiliation; nature of the results (supportive or unsupportive of the hypothesis); article size; number of references; and/or taxonomic bias (Leimu and Koricheva, 2005; Judge et al., 2007; Taborsky, 2009; Vieira and Gomes, 2010; and references therein) . However, it is beyond the goal of this review to determine which, if any, of these many possible factors are applicable to JCB.
CONCLUSION
To conclude, this review finds that JCB has lived up to the expectations of its founders in becoming a reputed, international scientific publication for all aspects of research into crustacean biology. JCB has achieved a respectable impact factor, given that it is dedicated to a single subphylum (Crustacea) and has a diversified content including a heavy taxonomic component. Moreover, there is good evidence that the material featured in JCB continues to be used many years after publication. The information conveyed by JCB is important for understanding the diversity, ecology and evolution of crustaceans, but it also contributes extensively to the development of better management and conservation schemes for exploited or endangered species.
